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FOREWORD

1. This military handbook is approved for use by all departments and agencies of the Departinent
of Lefense (DoD).

2. Beneficial commeats (recommerdations, additinns, delctions) and eny pertinent data that may
be of use in improving this dorument shouid be eddrassed to Commander, U. S, Anny
Communicaiions-Electronics Command (CECOM), ATTN: AMSEL-RD-SE-R-CRM, Fort
Monm.outh, NJ 07703 -5000.

3 As Departraent of Defense (DoD) systems increase their reliance on computers, software
complexity increases and its criticality grows. Coinputer software is a necessary element ir. DoD
systems. The results of Desert Storm demonstrated the force inuliiplier that sofiware provides,
Modern management practices use work breakdown structures to help provide visibility into and
manage risk involved with scftware developments. An crganization that instruments its process,
infrastructure, and quality will have better management control over resources and associated
risks. The handbock shows how to achieve thai objective through existing contractor cost/
schedule control systems by properly structuiing the contract WBS, statenient of work W8S, and
reporting requirements. The goals are to coatrol software cost by improving software
management and measurement techriques and to provide reliable performance reports to the
Government at practical summary levels.

4, The Ada Joint Program Office determined that use of WBS for identifying and collecting
software costs would be an effective tnanagement tonl. As part of a U. S. Army Materiel
Cornuna (A1) swady on the defense software life cycle acquisition process, the U. S. Army
Materiel Cominand (AMC) Software Task Force Report, 28 February 1989, recorrmended tnat an
effective cost reporting and tiacking process be estatlished for controlling and managing software
development and support costs. This study initiated the development of a WBS for software
elements. Additionally, DoD emphasis was placed on more visible software costs including
modification of MIL-STD-881, Work Breakdown Structures for Defense Materie! Items,
reflecting software visibility requirements.

5. In March 1990, the Software Executive Officials (SEC) established a Software WBS Working
Group. The charter, to review and develop a DcD handbook designed to formalize Software
“WBSs and recommend changes to MIL-STD-881. This handbook, titled Work Breakdown
Structure Elements for Software, improves the sitnaiicn by providing tailorable guidance through
the use of the detailed software elements and the WBS common framework procedures outlined
in MIL-STD-881B. This handbook assis!s the practitioner with the imglementation of Public Law
102-172, Sec 8044, that provided, effeciive July 1, 1992, all new Department of Defense
procurements shall senarately identify software costs in the work breakdown structure defined by
MIL-STD-881 in those instances where software is cunsidered a major category of cost.

6. ‘This handbook was developed by the Software WBS Working Group in coordination wiih the
Joint Logistic Commanders Joint Policy Ceordirating Group for Computer Resource
Management and the AMC Software Task Force, and with the assistance of the U. S. Army
CECOM Software Engineering Directorate and the Air Force Cost Analysis Agency. Active
pariicipation by the Nationa) Security Agency, the Defense Information System Agency, the
Services, the Cffice of the Secretary of Defense, government software development contractors,
and industry through the National Security Industrial Association and the Electronics Industries
Association brought this high priority initiative to a successful conclusion.
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1. SCOPE

1.1 Purpose. MIL-HDBK-17% Zhereafier referred to as the handbeok) provides a framework
for identifying and extending Work Breakdown Structure elements related 1o seftware when
implementing DcD acquisition policy and MIL-STD-881B. This framework provides guidance o
Industry and Government to beiter monitor, track, anaiyze, and estimate the cost of developing
and supporting defense sysiem software. The handbonk shows how an acquisition can be planned
and how contractor/develaper software management information can be tailored (o the specific
requirements of the acquisition.

1.2 Application.

1.2.1 Use. This handbook used in conjunction with MIL-STD-881B provides guidance for
further identifying software costs in the WBS in those instances where software is considered to
be a major category of cost. This handbook is a guide for both contractors and DoD components
(government activities) to further define elements below the software element requirement
established in MIL-STD-881B (Work Breakdown Structure for Defense Materiel Items®). MIL-
STD-881B is the primary source for developing WBS.

1.2.2 Focus. Although the need for improved tracking and estimating of software costs has been
widely recognized by DoD system acquisition managers and system development contractors,
cost estimation focused on a WBS where software is considered to he a major part of the
acquisition has not been treated formally. An effertive tool for managing and tracking system
development and support activities and related costs is through the WBS. In order to manage
software costs, a WBS with emphasis on software must be clearly defined and accounted for
throughout the system life-cycle process. The WBS approach currently defined in MIL-STD-
881B for acquisition of defense materiel items accommodates this need by providing for visibility
of software elements in defense systems acquisitions. This approach is comprehensive yet flexible
so that it can be tailored and augmented with the appropriate software WBS elements depending
upon the nature of the system acquisition.

1.3  Benefits. The primary benefits gained by using the software WBS elements framework
and guidance herein are the following:

a. More effeciive management practices 1o reduce sofiware risk.

b. Integration into existing cost/schedule control systems.

¢. Linkage to statistical process control and quality management techniques throughout
the software life cycle.

1. Defense materiel items will be referred to as defense systems for the remainder of this handbook

1
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d. Iufluencing Research and Development (R&D) directions based upon lessons leammed

in areas such as technology shortfalls, labor-intensive activities, and environmental
constraints,

e. Accumulation of software cost daia to aid the sysiem acquisition and engineering
planning process including cost estimation, scheduling, and staffing.

f. Calibration or construction of formal software cost estimation models.

g Development of a cost estimation management framework throughout the sofiware
life cycie for current and tuture requirements.

h. Provision tc increase awareness of the significance and comp!exity of software
activities and related costs.

i. Ability 1o measure and troubleshoot performance throughout the life cycle including
schedule, costs, distribution of ¢ffort, and contractor performance capability.

1.4  Organization of the handbook. The handbook is orgarized as shown in Figure 1-1.
Sections 1, 2, and 3 provide the scope, applicable documenis, and definitions for the handbook.

PENDL,
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L.4.1 Section 4. Software WEBS clements. This section describes how a WBS accomimodates
software or software intensive programs. It describes in detail the WBS software elements and
their relationship with each other, wiih subsystems, and with common WBS elements.
Representative activities and deliverables for each element are provided as examples. This
section also provides & brief discussion of how the WBS and associated performance
measurement concepts can be used o enhance program and risk management.

1.4.2  Appendix A. Preparation guidance for work breakdown structure elements for
seftware. This appendix idenuifies the importance of collecting software costs and provides
exumples-of a WBS and the applicable approach to identify software elements as it relates o
defense systems programs and contracts formulation. Sample WBS including sofiware elements
for a weapon system and an Autcmated Information System (AIS) are provided.

1.4.3  Appendix B. Software characteristics data collection. This appendix provides
guidance for collecting data on project characteristics that rollectively characterize the software
being developed. These characteristics provide valuable data, which when collected and analyzed
by the program manager (both Government and Industry), reinforces management indicators with
credibie sofiware resource consumption estimates. A generalized questionnaire is provided that
contains data items that are common o many existing software cost estimating models.
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2. APPLICABLE DOCUMENTS

2.1 Government Documents.

2.1.1 Specifications, standards, and handbooks. The following specifications, standards, and
handbooks form a part of this document to the extent specified herein. Unless otherwise specified,
the issues of these documents are those listed in the current issue of the Departmeri ¢ Defense
Index of Specificitions and Standards (DODISS).

STANDARDS
MILITARY
MIL-STD-881B - Work Breakdown Structures For Defense
Materie! Items
DOD-STD-1467 - Software Support Environment
DOD-STD-2167A - Defense System Software Development
DOD-STD-2168 - Defense System Software Quality Program
DOD-STD-7935A - DOD Automated Information System (AIS)
Documentation Standard
HANDBOOKS
MILITARY
MIL-HDDBK.-347 - Mission-Critical Computer Resources Scftware
Support
MIL-HDBK-782 - Software Support Environment

(Unless otherwise indicated, copies of federal and military specifications, standards, and hand-
books are available from the Standardization Documents Order Desk, 700 Robbins Avenue,
Building #4, Section D, Philadelphia, PA 19111-5094.)

2.1.2 Other Government documents, drawings, and publications. The following other
Government documents, drawings, and publications form a part of this document to the extent
specified herein. Unless otherwise specified, the issues are those cited in the solicitation.
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PUBLICATIONS

Contractor Cost Data Reporting (CCDR)!

AFLCP 800-15 . Air Force Logistics Command Pamphlet
AFSCP 800-15 - Air Force Systems Command Pamphlet
AMC-P 715-8 - Army Materiel Command Pamplilet
NAVMAT P-5241 - Navy Materiel Cormmand Pamphlet

Cost/Schedule Control Systems Criteria Joint Implementation Guide?

AFCCP 173-5 - Air Force Communications Command Pamphlet

AFLCP 173-5 . Air Force Logistics Command Pamphlet

AFSCP 173-5 - Air Force Systeins Command Pamphlet

AMC.P 715-5 - Army Materie] Command Pamphlet

NAVSO P3627 . Assistant Secretary of the Navy (5&L) Pamphlet

DLAH 8400.2 - Defense Logistics Agency Handbook

DCAA P7641.47 - Defense Contract Audit Agency Pamphlet
DONLL5000.2 - Defense Acquisition Management Policies

and Procedures
DI-A-2(23 - Contract Work Breakdown Structure

(Unless otherwise indicated, copies of agency pamphlets arc available from the Standardization
Documents Order Desk, 700 Robbins Avenue, Building #4, Section D, Philadelphia, PA 19111-
5094.)

2.2 Non-Government Publications. The foliowing document(s) form a part of this document
to the extent specified herein.

PUBLICATICN
ANSI/IEEE Std 610.12-1990 Software Engineering Terminology
ANSI/IEEE Sid 1016-1987 IEEE Recommended Practices for Software

Design Description.

(Non - Governmen! standards and other publications are aormally available from organizations
that prepare or distribute the documents. These documents also may be available in or through li-
braries or cther informaticnal s=rvices.)

1. This publication is one and the same document for ai join! publication numbers listed.
2. Same as note 1.

5
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3. ACRONYMS AND DEFINITIONS

3.1  Acronyms and definitions used in this handbook. The actonyms used in this handbonk
are defined as follows:

ACWP - Actual Cost of Work Perforined

AlS - Autom. 1ted Information System

ANSI - American National Standards Institute

BCWP - Budgeted Cost for Work Performed

BCWS - Budgeted Cost for Work Scheduled

CASE - Computer Aided Software Engineering

C/SCSC - Cost/Schedule Control Systems Criteria

C/SSR - Cost/Schedule Status Report

CCB - Coniiguration Contro! Board

CDR - Critical Design Review

CCDR - Contractor Cost Data Reporting

CDRL - Contract Data Requirements List

Cl - Configuration Item

CM - Configuration Management

CFS - Contractor Furnished Software

CLIN - Contract Line Item Number

COTS - Commercial - off - the - shelf

CPR - Cost Performance Report

CSC - Computer Softwere Component

CSCI - Computer Software Corfiguration ltem

CwWBS - Contract Work Breakdown Structure

DID - Data Item Description

DoD - Department of Defense

DODISS - Department of Defense Index of Specifications and
Standards

DSSE - Developmenrtal Software Support Environment
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Engineering Change Proposal
Electronics Industries Association
Functional Configuration Audit
Functional Cost Hourly Report
Formal Qualification Review

Formal Qualification Test
Government Furnished Equipment
Government Furnished Software
Hardware Configuration Item
Interface Control Document
Interface Design Document

Institute of Electrical & Electronics Engineers
Interface Requirements Specification
Thousand Source Lines of Code
Lower Levels

Life Cycle Scftware Support Environment
Notice of Revision

Operational Test and Evaluation
Physical Config 'ration Audit
Preliminary Design Review

Program Design Language

Project Manager

Prime Mission Product

Program of Instruction

Quality Deficiency Report

Research and Development

Request for Proposal

Specification Change Notice

Software Design Document




SDF
SOL
SDP
SDR
SDRB
SOwW
SPCR
SQL
SQPP
SRR
SRS
SSA

-

2Or i

SSR
STR
STD
STP
TCM
TRR
VDD
WBS
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Software Development File/Folder
- Software Development Library
- Software Development Plan
- Systems Design Review
- Solicitation Dats Review Eoard
. Starement of Work
- Scoftware Froblem Change Report
- Structure Query Language
- Software Quality Program Plan
- Systein Requirements Review
- Software Requizements Specification
- Software Support Activity
- Sofiware Standards and Procecure Manual
- Softwsare Specification Review
- Software Test Report
- Software Test Description
- Suftware Test Procedures
- Total Quality Management
- Test Readiness Review
- Version Description Docum.ent

- Work Breakdown Structure
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3.2  Application sofiware. ANSI/IEEE Std 610.12 - 1990: “Software designed to fulfill
specific needs of a user; e.g., sofiware for navigation, payroll, or process control. Consrast with:
system software.”

33 Commou W3S elements. These are WBS elements that are applicable 1o all types of
defense systems (e.g., data, training, system engineering/program management, peculiar support
equipment, industrial fucilities). The definition for the common WBS clements are proviced in
Section Il of MIL-STD-881B.

3.4 Contiract work breakdown structure (CWBS). MIL-STD-881B: “Contract work
breakdown structure is defined as the complete work breakdown structure foi a contract; i.e., the
DoD appioved work breakdown structure for reporting purposes and its discretionary extension to
the lower levels by the contractor in accordance with this standard [MIL-STD-881B] and the
contract work ctatement.” This handbook generally is referring to CWBS.

3.5  Contractor. DODI.5000.2: “An entity in private industry that enters into contracts with
the Government. In this instruction, the word may also apply ¢ Governrment-owned,
Cneernmont operatad activities that perform work on major defense programs.”

3.6  Cost analysis activity. The command activity responsible for cost estimating, monitoring,
and providing assistznce with cost reporting selection criteria, The cost analysis activity also
provides assistance in developing contract peculiar clauses and data requirements selcction.

3.7  Design entitics. ANSI/IEEE Std 1016-1987. “A design entity is an element (compor.ent)
of a design that is structurally and functionally distinct from other elements and that is separately
named und referenced. Design entities resnlt from a decomposition of the software system
requirements. The objective is to divide the system into separate components that can be
considered, implemented, changed, and tested with minimal effect on other entities”. Design
Entities inlude objects, CSC(s), modules, classes... etc..

3.8  Firmware. DOD-STD-2167A: “The combination of a hardware device and computer
instructions or computer data that reside as read-only software on the hardware device. The
software cannot be readily modified under program zontrol.”

3.9  Procuring activity. DODI.5000.2: “The subordinate command in which the Procurement
Contracting Officer is located. it may include the program office, related functional support
offices, and procurement offices. Examples are the Army Missile Commaud, Navai Sea Systems
Command, and Air Force Electronic Systems Division.”
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3.19 Progrem work brealiduwn structure. MIL-STD-881B: “Covers the entire acquisition
cysle of a program and consists of at least the first three levels of a WBS prescribed by MIL-STD-
8813 and its extension by the DOD component and/or contractor. The program WBE has
unifona elemeat terminolcgy, definition, and placement in the family-tree struciure. These levels
have been organized within the following categories of defense materiel items:”

Aurcraft systems

Electronic/Automated software systems
Miszsile systems

Crdnance

Ship systems.

Epace systems.

e ™o 00 o

Surrace vehicle systems

3.11 Software support activity (8SA). MIL-HDBK-347: “The DoD or military service
organ:zation responsible for the software support uf designated MCCRs” (Mission - Critical
Computer Resources). This docuraent expands on this definition tc include non-mission critical
computer resource systems which includes AlS.

3.12  System software. ANSI/IEEE Std 610.12 - 1990: “Sofiware designed to facilitate the
operation and maintenance of a computer system and its associated programs; e.g., operating
systems, built in test, utilities which executes as pant of the system. Conrrast with: application
software.’

3.13 Work breakdown simcture (¥ BS). MIL-STD-8818: “A product-oriented family tree
compused of Lardware, scfrware, services, data, and facilities which resuits from system
engineering eiforis during the development and preduction of a defense materiel item, and which
completely defines the program. A work breakdown structure displays and defines the product(s)
to be developed or produced and relates the elements of work o be accomplished to cach other
and to the end preduct.”

10
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4. WBS ELEMENTS FOR
SOFTWARE DEFINITIONS

4.1 WBS overview. The work breakdown structure is the basis for communication
throughout the acquisitinn process. It provides the common link unifying the planning,
scheduling, cost estimating, budgeting, contracting, configuration management, and performance
reporting disciplines. A typical work breakdown structure for a defense sysiem composed of
hardwere, software, and common WBS elemeuts (1.€., system engineering/program management
aad system test and evaluation, ... etc.) is illustrated by figure 4-1. The elements identified in this
figure are represented generically. The actual elemert nomenclature would be specified for the
particular defense system category; e.g., aircraft system, electronic system, or ship system.

peeeezene Jrereerrreeeeees |
: System System Test
PMP : Engineering/ and
: Program Mgmi| §| Evaluation
/ 3 Conimon W3S Elements
| 1 ]
! PMP
Subsystem |3} Subaystem PMB |t
P A Application 5’3&2’1’,
H
[ , |
Herdware | 3{ Software @ @
Component| il Companent
H
PMP - Prime Mission Product
@ CDRLs - Contract Data Requirements Lists
. I.L - Lower Level Extensions

FIGURE 4.1. Typicel defense system WBS overview

4.2 Defense System. The defense =ystem encompasses all the Prime Mission Product
(PMP) and common WBS elements {or the specified <=1ense system category as defined in MIL-
STD-881B. The commor. WBS clements are those eleme :ts applicable to all types of defense
systems. The common WBS elements, softwaz elements and associated lower leve: exten:ions
are further described in this hendbook. In defense sysicms that consist of several subsystems, each
subsystem must be identified separately with its assoviated hardware and software component.
The actual name of each subsystem shou!?! be specified (i.e., “launch and ;uidance” or
“pavigation/guidance”).

1
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Subordinate to the PMP are the hardware subsystem and software (application and system)

elements. Each subsystem (i.e., sensors, communications, or navigation/guidance) can be an
aggregation of hardware and software component. Each WBS element for software is composed
of one cr more builds and is further defined as a Computer Software Configuration Item (CSCI).
The software extension is further described in this handbook.

4.2.1 Prime Mission Product (PMP). The PMP element refers to the hardware and software
used to accomplish the primary mission of the defense materiel itemn. It includes all integration,
asserntly, test and checkout, as well as all technical and management activities associated with
individual hardware/software elements. Also included are integration, assembly, test and
checkout associated with the overall PMP. When the electronic/automated software system
comprises several PMPs, each will be listed separately at the same level. Also included are all
whole and partial prime contractor, subcontractor, and vendor breadboards, brassboards, software
prototypes and qualification test units. It also includes the design, development and production of
complete units (i.e., the prototype or operationally configured units which satisfy the
requirements of their applicable specification(s), regardless of end use). It excludes only those
“less than whole” units (e.g., test, spares, etc.) consumed or planned to be consumed in support of
system level tests. This element also includes factory special test equipment, special tooling,
development software support environment, and production planning required to fabricate the
ravr naraware ana soriware. Duplicate or modified factory special test equipment and/or
programming suppori environment delivered 1o the government for depot repair and post
deployment software support is excluded and should be included in the peculiar support

equipment element.

4.2.1.1 Subsystem. This element refers to all hardware and software components of the
specific subsystem, including all associated special test equipment, special tooling, production
planning, programming environments and all technical and management activities. The scftware
component element consists of the applications and system software required to direct and
maintain the specific subsystem. All effort directly associated with the remaining same level and
the integration, assembly, tesi and checkout of these elements into the PMP is excluded.

4.2.1.1.1 Hardware Component. This element refers to the mechanical, electrical, and
electronic items of the particular subsystem. The software component element refers to all
software that is an integral part of the hardware subsystem specification or specifically designed
and developed for : wusystem test and evaluation.

4.2.1.1.2 Software Component. This element refers to all software that is an integral part of any
specific subsystem specification, for example navigation/guidance, laun:.. and control, radar,

sensors, data displays - :yroll and personnel. This excludes software that is specifically designed
and developed for system test and evaluation. This software can be an aggregation of application

and system software.
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4.2.2 PMP software WBS elements. The following is a description of the PMP software
WBS elements defined within the WBS framework. The software WBS elements are described
generically and apply to each type of defense system specified in MIL-STD-881B. The
associated activities and deliverables! for which the cost data are collected are lisied with each
software WBS description. All formal products and deliverables will be specified as per DD
Form 1423, prepared in accordance with DOD-STD-2167A, DOD-STD-1467, or other applicable
standards and tailored to the specific application. Although the lower level software elemenis are
depicted as being associated with the PMP application software in figure 4.2, they are represented
and described generically and apply as well to the respective lower level for the subsystem
component software element and for the PMP system software element. A distinction is made
between feporting and collecting data. This is disussed in section 4.3.1 and other sections. When
reusable software such as commercial-off-the-shelf (COTS) or Government Furnished Software
(GFS), or software specifically developed for reuse, are used throughout the system, the cost
associated with the development, integration, and maintenance should appear only once and be
noted in the appropriate software WBS element. (Note: COTS, GFS, and reused software costs
associated with integration and test should be counted every time it is integrated and tested in the
different applications. Costs should be counted only once for development and maintenance.)

4221 PMP application software. Application software is defined as software that is
specifically produced for the functional use of a computer system (Ref. ANSI/IEEE Sid 610.12-
1990). Examples are batile management, weapons conirol, and data base management. This
element refers to all ~ffort required to design, develop, integrate and ckeckout the PMP
applications, builds and computer software configuration items (CSClIs), not including the non-
software portion of PMP firmware development and production. This excludes all software that
is an integral part of any specific hardware subsystem specification. It is important to note that all
software that is an integral part of any specific hardware subsystem specification or specifically
designed and developed for system test and evaluation should be identified with that system or
subsystem. hen software is part of a system or subsystem, it may be appropriate to collect lower
level information when it exists. In such cases, the structure defined in figure 4-2 should be used.

4.2.2.2 PMP system software. System software is defined as software designed for a specific
computer system or family of computer systems to facilitate the development, operation, and
maintenance of the computer system and associated programs (i.e., operating systems, compilers,
and utilities (refer ANSINEEE Std. 610.12-1990). This element refers to all effort required to
design, develop, integrate, and check out the system software including all software developed to
support any PMP application software develapment. This excludes all software that is an integral
part of a specific hardware subsysiem specification or specifically designed and developed for
system test and evaluation. The system software can consist of multiple software builds. The
structure shown in figure 4-2 should be used when lower level information is desired.

1. Activitics and deliverabies listed are provided as typical examples only and do not preclude any contract
dependent requirements (i.c., all DOD-STD-2167A dta requirements).

13
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4.2.3 Integration, Assembly, Test and Checkout. In those instances in which an
integration, assembly, st and chackout element (figure 4.3) is used rAppendices A threugh G of
MIL-STD-881B), it will include all effort of technicai and functionai activities associated with the
design, development, and production of a development software support snvironnient and support
software required to assemble the equipment (hardware/software) elements into a prime mission
product (hardwere/software) as a whole and not directly pari of any other individual element.
Integration. assembly, test and checkout includes all effort associated with the following:

* Integration of PMP software

* The conduct of production (hardware/sofiware) acceptance testing

. Ac%uisition and development of Deveiopment Software Suppoit Environment
(DSSE).

When an integration, assembly, test and checkout element is utilized at iower levels of the
contract work breakdown structure, it will be summarized into the next higher level equipment
(hardware/software) work breakdown structure element and shouid never be summaerized direcily
into a level 3 integration, assembly, test and checkout element. in the case of software, the
integration, test and checkout activity at the CSCi level and below should be irciuded at the levels
as shown in this handbook. The structure. shown in figure 4-2 should be used whan it is desired to

cvnien tu e ove! information,

Integration,
Assembly

Cpecio

=
“dnmasobe

FIGURE 4.3. Integration, Assembly, Test
and Checkout WBS

4.2.3.1 Developmenrt Software Support Environment (DSSE). This refers to all computer
hardware and support software that is specifically developed or acquired to develop the mission
software. Included in this element, e.g., are compilers, loaders, CASE tools, metric tools,
software licenses and other computer resources that are determined to be essential in developing
the mission software. The cost associated with this clement is considered part of the CSCI it
supports, or if more than one CSCl is involved it should be identified as a DSSE element and
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included under the integration, assembly, test und checkout element. Included in this element is
the cost for maintaining and operating the software reuse library.

If the DSSE equipment is to be transitioned to the Govarnment for post deployment software
support, the cost associated with the acquisition should be included in this element and only
appear once. If this equipment is (o be duplicated or modified, then the additional cost should be
included in the Life Cycle Software Support Environment (LCSSE) element which is applied to
the common element Peculiar Support Equipment.

4.3 Software development appioach. Software development is a complex process,
typicaily consisting of a number of paraliel developments at the subsystem level. For many
projects the development process is a series of parallel activities with scveral individual sub-
system software products undergoing development at any one timze. In a software developmant
cycle lower level software elements (figure 4-2), can be replicated withir a project many times
depending on the complexity of development. The complexity of the development process can be
managed and controlled by decomposing and organizing the system into smaller development
subsystem software components or builds. The builds provide a snapshot of the system at any
point in the acquisition process. This affords the developer an opportunity to gauge overall
progress before the system is complete. The system can glso be put into operation in increments or
builds as a series of tested and delivered capabilities that are integrated throughout the system life
cycle. These may be further organized into CSCls, which are products that meet specific program
requirements. The software WBS elements described in this handbook permit decompusition of
the software project from a system to prime mission products.

In software development as with many engineering disciplines, the product decomposition
below the CSCI level is performed by software professionals {such as designers, coders}. The
software product is a token that is passed along. Software is refined and =laborated from the
software requirements analysis, the specification, the design, the code.

The initial partitioning of the requirements is the raw material tfrom which the design and
ultimately the code evolve. The requirements specification and design are integral to the software
product. This is readily apparent when Ada program dcsfgn language (PDL) is used. Software is
the refinement and elaboration of the requirements and the design. These lower levels do not
imply a design methodology, but rather they are data taps inio any process, (¢.g., waterfall,
spiral, incremental, evolutionary). These taps are methodology independent. Figure 4-4 is an
example of software WHS lower level extension related to a spiral model. The software WBS
clements are primarily related to the software development process for a defense system.
Examples of their associated Lower Level (LL) are described and delinecated graphically in more
detail throughout the following subparagraphs. This handbook also applies to the development or
support of deliverable software to be implemented in firmwere. The WBS software elemenis do
not apply to the development of the hardware element of firmware,
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4.3.1 Software lower level extensions. The software element of the defense svstem can be
further decomposed at the CSCI level and below as illustrated in figure 4-2. The software WBS
elements, as identified in this handbook, provide insight into and consistency in software
management information including cost and schedule tracking at or below the CSCI level. This
handbook provides a common reference framework within which contractors developing or
supporting software plan or report the cost data associated with elements of software development
and support practices. It is recommended that contractors collect cost management information
associated with software lower level elements. Software cost and schedule reporting will be to a
level appropriate to the risk, cost, schedule, and interest of the program. The lower level
extension for software WBS elements is used as a common gollecting framework, consistent with
DoD software development and acquisition policy.

4.3.2  Software build. A software build is an aggregate of one or more CSCls that satisfies a
specific set or subset of requirements based on development of software as defined in DOD-STD-
2167A. When an incremental, spiral, or other software development method is used, multiple
builds may be necessary to meet program requirements. A build is a separately tested and
delivered product. Within builds are CSCls. When a build is complete, a portion or all of one or
more CSCI will be completed. Therefore, a CSCI may appear in more than one build, but will be
snrrecsively mare finetional as each build is completed.

433  Computer software configuration item. An aggregation of software or any of its
discrete portions that satisfy an end use function and have been designated by the Government for
configuration management. CSCls are the major software preducts of a system acquisition that
are developed in accordance with DOD-STD-2167A. This includes reusabie software
components such as commercial off-the-shelf software, Government-furnished software, or
software specifically developed for reuse. The CSCI element can be composed of design entities
consisting of computer software components (CSCs) per DOD-STD-2167A, or objects, classes
modules, etc. The distinct parts are functionally or logically identified by engineering decisions
for convenience in designing and specifying a complex CSCI. It includes the effort associated
with the requirements analysis, design, coding and testing, design entity integration and testing,
CSCi testing, and software problem resolution of each CSCI.

4.33.1 Requirements analysis. This applies to the system requirements (as it pertains {0
software) and software requirement analysis activities as stated in DOD-STD-2167A. The
software requirements analysis is the process by which a complete set of engineering and
interface requirements are defined for each CSCI. Representative activities and deliverables are as
follows:

Activities:
» Analysis of preliminary software requirements.
» ldentification and allocation of software requirements into CSCls.

18
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* Anelysis of prelintinary intertace requirements.

* Identification and resolution of interface requirements.

Deliverables: Formal deliverables are specified in DD Form 1423.

* Formal minutes of review meetings, including presentation materials.
* Interface Requirements Specifications (IRS).

¢ Software Requirements Specification (SR S).

* Software requirements analysis technical reports.

(For the formal deliverables, costs associated with the administrative preparation, review, and
diswribution are excluded. These costs are included in the appropriate data WBS elements.)

4.3.3.2 Design. Software design is the process of decomposing a high-level abstract
requirement into lower level software elements. Preliminary design and detailed design activities
are accomplished to map out high-level as well as low-level strategies for allocating requirements
from Software Requirements Specifications (SRSs) and Interface Requirements Specifications
(IRSs) for each CSCI 1o design entities, e.g. objects, classes, modules, CSC(s), etc.
Representative sample activities and deliverables are as follows:

Activities:

* Creating and maintaining Software Development Files/Folders (SDFs)
* Analysis of preliminary software design.

> Derive and map out high (top) level software design specifications.

« Devise and map out low leve! (delailed) software design specifications.
* Analysis of preliminary interface design specification.

» Define and describe interface design specificstion.

» Generate input o software test pianning.

* Formalize test requirements for design entities.

Deliverables: Formal deliverables are specified in DD Form 1423.

* Formal minutes of review meetings, including presentation materials.
* Design analysis technical reports.

(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.33.3 Coding and design entity testing. Software coding is the process of creating a
representation of the software design into a program language that may then be converted
mechanically (i.c., by compilation) to an acceptable machine-executable representation. Each
design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.
Representative activities and deliverabies are as follows:
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Activities:

« Maintaining SDFs.

¢ Coding and compiling activities.

* Conduct testing and analysis.

* Code walk-through activities.

* Performing compliance checks to coding conventions.

* Developing lower level design entities test and integration procedures.
Deliverables: Formal deliverables are specified in DD Form 1423.

* Source code listings.
+ SDFs.

(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.3.3.4 Design entity integration and testing. Iniegration or building of design entities into a
CSCl is performed and tesiing of lower level threads is conducted to verify that algorithms and
data employed in interfacing each design entity is correctly specified and implemented. This
cusutes war wien combined into larger builds, they demonstrate compliance with stated
cusiomer/user requirements. Representative activities and deliverables are as follows:

Activities:

» Perform design entity integration analysis.

* Perform design entity build and lower level thread testing.

* Record test resulis.

* Perform dry run of formal.qualification tests documented in Software Test Description
(STD).

Deliverables: Formal deliverabies are specified in DD Form 1423,

*  Formal minutes of review meetings, inciuding presentation materials.

* Integration and test analysis engineering notes.

(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the approvnriate data WBS tlements.)

4.3.3.5 CSCI testing. CSCI testing is the process of demonsirating 1o the procuring activity that
the CSCI can perform correctly under the full range of operaiing conditions specified in the
requirements documentation and that each CSC] satisfies its specification requirements.
Representative activities and deliverables are as follows:

Activities:
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* Conduct formal qualification tests.

* Conduct test analysis and recosd test results.

* Generate input to the Software Test Reports (STRs).

Deliverables: Formal deliverabies are specified in DD Form 1423.

* Formal minutes of review meetings, including presentation materials.
* Formal qualification test descriptions.

Qualification tests analysis engineering notes.

Software probiem change reports.

(For the formal deliverables, costs associated with the administrative preparation, review, ang
distribution are excluded, These costs are included in the appropriate data WBS ¢lements.)

L3

4.3.3.6 Software Problem Change Report (SPCR) resolution. SPCR resoluiion, also known as
rework (figure 4-5), is the process of analyzing and correcting software problems. The problem may be
as a result of logic deficiencies, nor compliance with previously defined requirenents and design
specificaticns. or clarifications and other changes to previously defined requiremernts and design
specifications. This reporting element begins once the software has been placed under development
baseline control after the conduct of formal qualification testing but prior io Government/customer
accepiance. The level of efforts related to redesign, recoding, and testing are included in the WBS
clements described below. The level of efforts associated with the common WBS element activities such
as software data, software quality assurance, and software configuraiion management incurred during the
problem resolution process are included in the appropriate common WBS software elements.

|
cscel SPCR

ing
nd

Redesign Dui;n Entiy

Testin )

FIGURE 4-8. SPCR resolution WBS stracture

4.3.3.6.1 Redesign. Redesign is the process of analyzing and modifying the software component
abstractions based on the SPCR. This element includes the identification of deticiencies and reallocation
of software component structures to comply with the previousiy detined requirements and specifications.
Representative aciivities and deliverables are as follows:

Activities:
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* Analyze the software preblem rcgcialr)’.nggniu.,f] cd%ndﬁrcponed

»  Make necessary comrections 1n design.
Deliverables: Formal deliverables arc spscified in DD Form 1423.

* Updated design specifications.
~ Design analysis engineering notes.
* Formal rainutes of review meetings. -

(For the formel deiiverables, costs associated with the administraiive preparation, review, and
distribution are excluded. These costs are included in the appropriate daia WES elements.)

4.3.3.6.2 Recoding and design entity testing. Recoding is the process of recreating the
representation of the new or modified software desigi into the established programming language.
All applicable design entities are recoded, tested and integrated to ensure that the identified problems
are resolved and that the specific requirements are satisfied. Representative activities and
deliverables are as follows:

Activities:

« Update sofiware development files/folders (SDFs).

* Recoding and recompiling activities.

* Design entity testing, and analysis.

* Code walk-through activities.

»  Performing compliance checks to coding conventions and software quality metrics.
* Update lower level entity test and integration procedures.

Deliverables: Formal deliverables are specified in DD Form 1423.

e New source code listings.

*  Updated software development files/folders.

(For the tormal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.3.3.56.3 Design entity reintegration and testing. Reintegration of applicable design entities is
performed. Testing is once again conducted to verify that modifications to algorithms and data
employed in interfacing each entity are correctly specified. Also, additional testir.g is conducted 10
ensure that modifications made to the software have not intreduced new errors. Representative
activities and deliverabies sre as follows:

Activities:
* Updete input to software test plenning.
» Redefine software test case as appropriate.
* Establish new test procedures where necessary.
+ Perform design entity re-integration analysis.
» Maintain SDFs.
22
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=  Perform entity rebuild and retest.

Deliverables: Formal Jeliverables are specified in DD Form 1423,
» Integration and test analysis engineering noics.

¢ Test documentation

(For the formal deliverables, costs associated with the ndministrative preparaiion, review, and
distribution are excluded. These costs are included in the appropriate Jats WBS zlements.)

434  CSCI to CGCI integration and checkeut. This element includes integration and test
verification and validation of the CSCls. CSCI acceptance is performed and thread testing is
conducted to verify that the algorithms and data employed for interfacing each CSCI sre correctly
specified and implemented so that they can demonstrate compliance with stated requirements.
Representative activities and defiverables are as follows:

Activities:

» Generate input to software test plans, descriptions, and procedures.

» Define software test cases.

* Perform CSCI integration analysis.

* Perform scftvare build and test.

* Update SDFs.

Deliverables: Formal deliverables are specified in DD Form 1423.

» Fourme! minutes of review meetings, including presentation materials.

* ntegration and test analysis engineering notes.

* Scurce code listing.
(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

44 Common work breakdown structure elements. These level 2 elemerts are common
i all tyoes of defense systems, as specified in MIL-STD-8818. The common elements
encompass the areas of system enginecring/program management, system test and evaluation, and
training, etc. MIL-STD-881E groups several elements into a collection referred to as Common
W3S (refer to figure 4-6). Examples of their associaied level 3 and lower level software element
extension, where applicable, are described and delineated graphically in more detail throughout
the following subparagraphs.
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FIGURE 4-6. Common WES elements

4.4.1 System engineering/program management. System engineering/program
manusorment (fioure 4-7) refers to the software related activities associated with the overall
system engincering, technical control, and business management of the particular program. This
inciudes planning, directing, and controlling efforts of design engineering, reliability engineering,
maintainability engineering, human factors engineering, logistics engineering, speciality
engineering, software engineering, production zngineering, and integrated test planning. The
program management elements include planning, directing, coordinating, and monitoring the
develiopment and suppo:t efforts associated with the total system software.
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FIGURE 4.7. System engineering/program management WRS

4.4.1.1 Software project management. Software project management refers io the business
and administrative planning, organizing, directing, coordinating, controlling, and approval acticns
designated to accomplish overall project objectives that are associated with specific software
clements. Representative activities and deliverables are as follows:

Activities:

* Define and prepare overall task execution plans and project milestones.

» Monitor and direct various project activities.

* Prepare and report project progress and status.

* Control project cost-related activities.

* Prepare and report project funding expenditures.

» Direct and participate in all system and activity review meelings as necessary.

* Prepare and report software metrics data and status.

« Support & fecilitate Government sofiware review teams.

Deliverables: Formal deliverables are specified in DD Form 1423.

* Prepare formal responses to Government queries.

* Prepare and submit progress reports.
(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriaie date WBS elements.)

4.4.1.2 System engineering. The system engincering element is defined as the technical and
management efforts of directing and controlling an integraied engineering effon of a sysiem or
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program. This element encompasses the system engineering effort to define the system and the
integral planning and control of ihe technical program efforts of design engineering, specialty
engineering, production engineering, and integrated test planning. This element includes, but is
not limited to, the system engineering effort to transform an operatirnal need or statement of
deficiency into a description of system (hardware/software) requirements and a2 preferred system
configuration and the technical planning and control effort for planning, monitoring, measuring,
evaluating, directing, and replanning the management of the technical program. It specifically
excludes the actual design engineering and the requirements analysis below the CSCI level.
Representative activities and deliverables are as follows:

Activities:

* System level definition and requirements analysis.

* Design integrity analysis.

» Preparation of systems engineering management plan and specification.
* Program risk ana'ysis.

* Participate and conduct techzical reviews (e.g., system requirements reviews, system
design reviews),

Dcliverables: Formal deliverables are specified in DD Form 1423.
- Tcenuical review of engineering notes.
+ System engineering management plan.
* Technical reports and system engineering analysis notes.

(For the forma! deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.4.1.2.1 Software engineering management. The software engineering element refers to the
technical and management fforts of directing and controlling the toial software relatec
engineering effor: of a systein. This includes planning and control of all defense system software
engineering efforts, excluding the actual design, and soms hardware engineering efforts to the
extent of their direct relationship to and impact on the software engineering efforts. This element
also includes analysis to determine the best allocation of system requirements between hardware,
software, and personnel in order to partition the system into hardware configuration items
(HWClIs) and CSClIs. Representative activities and deliverables are as follows:

Activities:

* Analyze system definition and requiremenits.

» Preparation and execution of Software Specification Reviews {(SSRs).
* Prepare inputs to the systems engineering management plan.

» Define technical performance measurements.

* Participate in technical review meetings.

* Define intrasystem and intersystem compatibility.
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* Perforra risk analysis.
 Preparation and execution of software preliminary, critical, design reviews etc.

» Evaluate the impact of engineering change proposals (ECPs) on defense system
software.

Deliverables: Formai deliverables are specified in DD Form 1423.

* Formal minutes of review meetings, including preseniation materials.
+ Software engineering management plan.

* Technical reports and software engineering analysis notes.

For the formal deliverables, costs associated with the administrative preparation, review,
and distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.4.1.2.2 Software quality assurance. Software quality assurance includes those tasks that
ensure compliance with the Government requirements for development and implementation of
the contractor’s software quality program. This program ensures the quality of (1) deliverabie
software and its documentation; (2) the processes used to produce deliverable software; and (3)
non-deliverabie software as specified in DOD-STD-2168. Representative activities and
Aelivarahlac are g5 follows:

Activities:

* Generation or revision of the Software Quality Program Plan (SQPP)

« Participates in the Software Development Plan (SDP) development and review.
» Participation in Verification and Validation (V&Y support.

= Participation in formal reviews and audits.

* Conduct ongoing software quality evaluations of processes used in software
development.

* Prepare and maintain records of sofiware quality activities,
» Monitor the timeliness and appropriateness of software corrective actions.

Deliverables: Formal deliverables are specified in DD Form 1423,
* Functional Configuration Audit (FCA) Report,

(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

4.4.1.2.3 Software configuration management. Software configuration management is a
discipline applying technical and administrative direction and surveillance to (1) identify and
document the functional and physical characteristics of CSClIs; (2) control changes to CSCls and
their related decumentation; (3) sudit CSCls to verify conformance to specifications and Interface
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Control Documents (ICDs); and (4) record and report change prozessing and implementaticn
status information.

Activities:

* Conduct and maintain configuration status accounting.

* Develop baseline and version control for each CSCI.

« Pariicipate in and provide input to FCA.

* Participate in and provide input 1> Physical Configuration Audit (PCA).

¢ Preparation of ECP.

* Preparation of Specification Change Notices (SCN).

» Generate inputs to the Software Configuration Management Plan,

= Preparation of Notice of Revisions (NORs)

» Generate inputs to Version Description Documents (VDDs).

* Participate in Configuration Control Board (CCB) meetings.

Deliverables: Formal deliverables are specified in DD Form 1423,

* Configuration siatus accounting and engineering reports.

* Version control reports.

* Configurstion management plan.
(For the forma! deliverables, costs associated with the administrative preparation,
review, and distribution are excluded. These costs are included in the appropriate data
WBS elements.)

4.42  System test and evaluation. The system test and evaluation element (figure 4-€) reiers
to the use of prototype, production, or specifically fabricaied hardware/software to obtain or
validate engineering data on the performance of the system during the development phase
(normally funded from RDT&E) of the program. This element includes the detailed planning,
conduct, support, data reduction and reports (excluding the Coniract Data Requirements List
(CDRL) data) from such testing, and all hardware/software items which are consumed or planned
to be consumed in the conduct of such testing. It also inciudes all efforts associated with the
design and production of models, specimens, fixtures, and instrumentation in support of the
sysiem level test program. NOTE: Test articles which are compiu.e units (i.e., functionally
configured as required by specifications) are excluded from this work breskdown structure
clement,  All formal and informal testing up through the subsystem level which can be
associated with the hardware/software element are excluded. Acceptance testing is aiso
excluded. These excluded efforts are to be inclnded with the appropriate hardware of
software elements.
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FIGURE 4.8, System test and evaluation WBS

4421 Development test and evaluation. The development test and evaluation elament refers
to the test and evaluation corducted io: {1) demonstrate that the engineering design and
development process is complete; (2) demonstrate that the design risks have been minimized; (3)
demonsirate that the system will meet specifications; (4) estimate the systcrin's military utility
when introducsd; (§) determine whether the engineering design is supportable (practical,
maintainable, safe, etc.) for operational use; (6) provide test da:s with which to exarine and
evaluate trade-offs against specification requirements, life cycles cost, and schedule; and (7)
perform the logistics testing efforts to evaluats the achievement of suppertability goals, the
adequacy of the support package for the systen, e.g., deliverable maintenance tools, test
equiprnent, technical publications, maintenance instructions, and personnel skills and training
requirements etc.  Development test and evalcation includes all ccittractor in-house effort and all

cffort of pianning, conducting and monitoring by the developing ageacy of the DoD Component.

All programs, where applicable, include madels, tests and associated simulations such as wind
tunnel, static, drop, and fatigue; integration ground \ests; test bed aircraft and asscciated support;
qualification test and evaluation (QT&E), development flight test, test instrumentation,
environmental tests, bailistics, radiological, range and accurscy demonstrations, test facility
operations test equipment (including iis suppori equ.pment), chase aircraft and support theseto,
and logistics testing.

For zaircraft, include avionics integration test composec of the following: (1) test bench/
laboratory, including design, acquisition, and installation of basic computers and est equipments
which will provide an ability to simulate in the iaboraiovy the operational environment of the
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avionics system/sutisystem; (2) air vehicle 2quipment, consisting of the avionics and/or other air
vehicle subsystem modules which ar required by the bench/lab or flying test bed in order to
provide a compatible airframe avionics system/subsystem for evaluation purposes; (3) flying test
bed, including requircments analysis, design of modifications, iease or purchase of test bed
aircraft, modification of aircraft, installation of avionics equipment and instrumentation, and
checkout of an existing aircrafi used essentially as a flying avicnics laboratory; (4) avionics test
program, consisting of the effort required to develop test plans/procedures, conduct tests, and
analyze hardware and software test results to verify the avionics equipmenis’ operational
capabiiity and compatibility as an integrated air vehicle subsysiem; and (5) software, referring to
the effort required to design, code, de-bug and document software programs necessary to direct
the avionics integration test. The software in figure 4-8 is typical for each eiement. When
appropriate the software component may be extended according to the structure shown in figure
4-2.

4.4.2.2 Operational test and evaluation. The operational test and evaluation element refers to
that test and «©valuation conducted by agencies other than the developing command (0 assess the
prospective system’s military utility, operational effectiveness, operationai suitability, logistics
supportatiity (nciuaing compatibility, inter-operability, reliability, maintainability, logistic
requirements, etc.), cost of ownership, and need for any modifications. Initial operational test
and evaluation conducted during the development of a weapon system will be included in this
element. This element encompasses such tests as system demonstration, flight tests, sza trials,
mobility demonstrations, on-orbit tests, spin demonstration, stability tests, qualification
operaiional test and evaluation (QOT&E), etc., and support thereto, required to prove the
operational capability of the deliverable system. It includes contractor support (e.g., technical
assistance, maintenance, labor. material etc.) consumed during this phase of testing. It also
includes performing the logistics testing efforts to evaluate the achievement of supportability
goals; the adequacy of the support for the system. c.g., deliverable maintenance tools, test
equipment, technical publications, maintenance instructions, and personnel skills and training
requirements.

4.4.2.3 Mock-ups. The mock-ups element refers to-the design engineering and production of
system or subsystem mock-ups which have special contractual or engineering significance, or
whicn are not required solely for the conduct of one of the above elements of testing.

4.4.2.4 Test and evaluation support. The iest and evaluation support element refers to all
support elements necessary (o operate and main‘ain systems and subsystems during test and
evaluation which are not consumed during the testing phase and are not allocated tc a specific
phase of testing. This eiement includes, i.e., repairsble spares, repair of repairables, repair parts,
warehousing and distribution of spares and repair parts, test and support equipment, test bed
vehicles, drones, surveillance aircraft, tracking vessels, contractor technical support, etc., not
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allocsied to preceding test and evaluation eiements. Operational and maintenance personnel,
consumables, special fixturcs, special instrumentation, etc., which are utilized and/or consumed in
a single clement of testing and which should, therefore, be included under that element of testing
are exciuded.

4.4.2.5 Test facilities. The test facilities element refers to those special test facilities required
for performance of the various developmenta! tesis necessary to prove the design and reliability of
the system or subsystem. This element includes, i.e., test tank test fixtures, propulsion test
fixtures, white rooms, test chambers, etc. The brick-and-mortar-typz facilities identified as
industrial facilities are excluded. '

4.43  Traiving. The training element (figure 4-9) is defined as the deliverable training
services, devices, accessories, aids, equipment, and parts used to facilitate instruciion through
which personnel will acquire sufficient concepts, skills, and aptitudes to operate and maintain the
system with maximum efficiency. This element includes all effort associated with the design,
development, and production of deliverable training equipment as well as the execution of
training services. This element and its sub-elements specificaily exclude the overall planning,
management, and task analysis function inherent in the WBS elemen: systems engineering/
management.

4.43.1 Software training services, equipment, and facilities. This element refers to the
training services, special devices, equipment and facilities used to conduct instruction through
which personnel will acquire sufficient concepts, skills, and aptitudes to operate and mainiain the
software portion of the system. This element includes the material, courses, and associated
documentation development necessary to accomplish the contracted for objective of training,
(primarily the computer software, courses, training aids, developed or constructed solely for the
training mission). It encompasses the materials used for the purpose of acouainting the trainees
with the systemn and equipment or establishing trainee proficiency. This element specifically
excludes the deliverable training data associated with the WBS element, Support Data.
Representative activitics end deliverables are as follows:

Activities:
* Preparation and conduct of the following:
» Software instaliation training.
e Operationai training involving host and target execution environment.
* Maintenance training involving the incorporation of softwaie updates or changes.
* Treining services provided for teaching software funciional architecture.
* Development of unique training equipment.

Deliverables: Formal deliverables are specified in DD Form 1423,

31




Technical Report Describing Contents of
MIL-HDBK.171 (Draft)

» Training course and curriculum outlines.

* Instruction guides.

* Program of instruction (POI).

* Audio visual aids.

+ Classroom training.

* Unique training devices.
(For the formal deliverables, costs associated with the administrative preparation, review, and
distribution are excluded. These costs are included in the appropriate data WBS elements.)

Training
1 1
Services Equipment Facilities
FIGURE 4-9. Training WBS

4.44  Data. The data element (figure 4-10) refers to all deliverable data required to be listed
on a Contract Data Requirements List, DD Form 1423. The data requirements will be selected
from the DoD Index of Specification and Standards (DODISS) and Acquisition Management
Systems and Data Requirements Control List (AMSDL). This element includes only such effert
that can be reduced or will not be incurred if the data item is eliminated. If the data are
government peculier, include the efforts for acquiring, writing, assembling, reproducing,
packaging and shipping. Also included is the effort to transform, reproduce and ship data identical
to that used by the contractor, but required in a different format by the Government.
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Data
[ [ [ I
BN ]
FIGURE 4-10. Data WBS

4.44.1 Software-related data. Software data refers to all required software-related
documentation listed in DD Forra 1423. Ii includes all data requirements in accordance with
DOD-STD-2167A, and DOD-STD-1467, or other applicable standards tailored for the particular
program. The cost data coliected for this element are associated only with the preparation and
review of documentation and do not include the efforts such as design, requirements analysis, and
coding required in development of the software. Representative activiiies and deliverables are as
follows:

Activities:
* Administrative efforts required to collect, review, prepare, and duplicate deliverable
data in the format specified in appropriate Data Item Descriptions (DIDs).

* Administrative efforts required to complete and provide deliverable data to the
Governmenti in accordance with pertinent DIDs.

Deliverables: Formal deliverables are specified in DD Form 1423. Four examples of
categories of data are shown below.

* Technical Publications: The technical publication element refers to those formal
technical orders and manuals developed under the software development project.

* Engireering Data: The enginecering data element refers to those engineering drawings,
notes, and specifications preduced during the project.

* Management Data: The management data element refers to those data items niecessary
for configuration management and cost, schedule, and project management
undertaken during the project.

*  Support Data: The support data element refers to those data items designed to
document the logistics support planning.
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4.4.4.2 Data depository. The data depository element is defined as a facility designated to act
as custodian in establishing and maintaining a master engineering specitication and drawing
depository service for government approved documents that ase the property of the U.S,
Government. This element represents e distinct entity of its own and includes all effort of
drafting, clerical, filing, etc.; required to provide the service. As custodian for the government,
the contractor is authorized by approved change orders to maintain these master documents at the
latest approved revision level. When documentation is called for on a given item of data retained
in the depository, the charges (if charged as direct) will be to the appropriate data element. All
similar effort for the contractor’s internal specification and drawing cortrol system, in suppert of
its engineering and production activities, is excluded. The software data library is a repository for
all software design records, documentation, source code, object code, and executable code
associated with the defense system, produced and maintained during development (that is, the
software development library) and throughout sustainment. Representative activities and
deliverables are as follows:

Activities:

* Cperation and maintenance of the software data library (including the software
development library).

* Construction, modification, or expansion of the software data library

Deliverables: Formal deliverables are specified in DD Form 1423.

+ Software data library content listing.

» Printed, microfilm, or magnetic media copies of documents, as required.

4.4.5 Peculiar support equipment. The peculiar support equipment element (figurc 4-11) is
defined to include the design, development, and production of those deliverable items and
associated software required to support and maintain the system or portions of the system while
not directly engaged in the performance of its mission, and which have application peculiar 10 a
given defense materiel item. This element and its sub-¢clements specifically exclude the overall
planning. management and task analysis functions inherent in the work breakdown structure
element system engineering/program management, and common support equipment presently in
the DoD inventory or commerctally common within the industry which is bought by the using
cominand and not by the acquiring command.

4.4.5.1 Support and handling equipment. The peculiar support and handling equipment
element is defined as the deliverable tools and handling equipment used for support of the mission
system, including the software. It typically includes ground support equipment, vehicular support
equipment, powered support equipment, non-powered support equipment, munitions material
handling equipment, materie! handling equipment. This clement includes i.e., the Life Cycle
Software Support Environment (LCSSE) required to maintain the mission soitware. Included as
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an integral part of the LCSSE is any production or acquisition of duplicate or modified
programming support environment, test and emulation equipmeni delivered to the procuring
activity for use in maintaining the software.

Fecuiisr |

o

Suppori and|
Herling
Suipmen: |

! 1

FIGURE 4-11. Peculiar support >quipment WRS

Life cycle software support environmient refers 10 all compuier hardware and support software
that is specifically developed or purchased commercially to aid the maintenance of the prime
mission software. Included in this element, e.g., are compilers, loader, CASE tcols, licenses, and
other computer resources and utilities that are determined to be essential to support the software.
If these items are acquired to develop the initial software and izter the same items are to be
provided to the procuring activity for post deployment software support, the associated cost will
be included in the cost of producing the PMP and subsystem sofiware. The structure shown in
figure 4-2 should be used when it is desired to collect lover level information.

4.4.5.2 Test and measurement equipment. This element is defined as peculiar or unique
testing and measurement equipment which al!ows an operator or maintenance function to
evajuate operational conditions of a system or equipment by performing specific diagnostics,
screening nr quality assurance efiort at an organizational, intermediate, or depot level of
equipment support. Itincludes test measuremeni and diagnostic equipment, precision measuring
equipment, swiomatic test equipment, inanual test equipment, aulumatic test systems, test
program sets, appropriate interconnect devires, autumated loac modules, tap(s) and related

‘sofiware, fimware and support hardware (puwer supply equipment, etc.) used at all levels of

mainienance. }i includes packages which enable line or shop replaceable unit, printed circuit
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boards, or similar items to be diagnosed using automated test equipment. The structure shown in
figure 4-2 should be used when it is desired to collect lower level information.

4.4.6  Operational/site activation. The operational/site activaiion element (figure 4-12)
refers to the real estate, construction, conversion, utilities, and equipment to provide all facilities
required to house, service, and launch prime mission equipment at the organizational and
intermediate level. This element includes conversion of site, ship, or vehicle; system assembly,
checkout, and installation (of mission and support equipment) into site facility or ship to achieve
operational stacus. It also includes coniractor support in relation to operational/site activation.
This element includes efforts associated with operational/siie activation of software maintenance
and enhanc. ments by the contractor based on software probiem change reports and activities
required for ihe release of new software build/versions as dep:cted if figure 4-2.

Activation

1 , /

Contractor
Technical |

£3 Systern Assembly,
nstaliation, andv
Checxout or: Site

FIGURE 4-12. Gperational /site activation WBS
4.4.6.1 Contractor technical support. The contractor technical support element refers to
all materials and services provided by the contractor related to activation. This element includes
repair of repairables, standby services, final turnover, etc. This also includes all efforts required to
ensure that implemented and fielded software continues to fully support the operational mission
of the software. This surport begins once the bascline has been accepted by the procuring activity
and continues until the responsibility for the support is transitioned to the Government sofiware
support activity. This clement becomes critically important and its use more widely applied
when softwaie is developed under the coicept uf evolutionary, incremental or “build a little, test a
little and figld a little”, Additional guidanze relating to software support concepts, procedures,
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and activities is detailed in MIL-HDBK-347. When software is being developed or maintained, it
may be appropriate (o collect lower leve! information when it exists. The structure shown in
fgure 4.2 and defiuitions should be used.

4.4.6.2 Systern assembly, installation, ead checkot on site. The system, assembly,
instailation, and checkoui on site elcment refers tc the maternials and services involved in the
assembly of mission equipment af the site. This ciement includes; i.e., installation of missicn and
support equipment, operations, or support facilities; and complete system checkout or shakedown
to insure achievement of cperational status. Where appropriate, specify by site/ship or vehicle. As
shown in figure 4.13, this element refers tc the software product logistics suppert activities for
the release of new software versions providing enhancements or cosrections to deficiencies.
Support activities also include the functions related to procurement, replication, distribution, and
instailation of teciinical matericel, to software media, and to persennel sapport regauired for the
software version release.

Elcyntem Assambly,
i Installaton, ano
1 Checkout on She

Replication

!
Field
CPM DO“I\
Emvdbu‘ul Instaliation l’mnng l Dmrcmes |

CPM - Comprawr Program Media

FIGURE 4.:3. System assembly, installation, and checkout c¢n site lower levels

4.4.6.2.1 Computer prov=sin media preparation & checkout. The computer program media
elemznt inciudes all activities required to produce ike delivery packages, e.g., fabrication or initial
production, replication or reprogrant.iug, check-out, and distiibution of the approved sofiware
versiun in ail reguired deliverable forms of magnetic inedia, paper copy, and Jrmware memory
devices that were dupiicawed or modified. This element 2xciudes the initial development of the
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CPM. The initial effort and costs are associated with the integration assembly, test and checkout
of the PMP. Representative activities include the foilowing:

* Production and check-out of ail delivery media package items.

s Delivery coordinaition and distribution database maintenance.

* Coordination with hardware component modification efforts.

« Preparation of media instalfation instructions and version release user’s guide.

4.4.6.2.2 Field support. Field support refers to the activities that assist field personnel (if
necessary) in accomplishing successful program logding, updating, and operation of the new
software version for the associated fielded defense system. This element includes activities
associated with any problems and resolutions encountered, or training to the user community, as a
result of the software change release package. Representative activities include the following:

+ Computer program media instaliation.
« Providing support during field exercises.

+ User instruction and instructor delta training for new functional capabilities, man-
me&chire interfaces, and computer-aided instructior software.

* Identifying and resolving computer program media data release package
discrepancies.

* Resupply of computer program media.

4.4.7  Industrial facilities. The industrial facilitics elemznt {figure 4-14) refers to the
construction, conversion, or expansion of industrial {acilities for production, inventory, and
contractor depot maintenance (i.c., Posi Deployment Software Support Activities) required by
one or more suppliers for the specific system. This element includes; i.e., equipment acquisition,
or modernization, wheie applicable, and maintenaace of the atove facilities or equipment. This
element aisc includes all facility resource requirements associaied with the software support
activity (i.e., the expansion and modernization costs associated withk maintaining the software
facility and system test bed and with cperating the LCSSE. This element excludes the acquisition
cost of the LCSSE.
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FIGURE 4-14. Industrial facilities WBS

+.4.8  Initial spares and repair parts. Initial spares and repair parts element is defined as the
deliverable spare components, assembly and subassemolies used for initial replacement purposes
in the materie! system equipment end item. This element includes the repairable spares and repair
parts required as initial stockage to support and maintain newly fielded systems or subsystems
during the initial phase of service, including pipeline quantities, at all levels of maintenance and
support. This element excludes development test spares and spares provided specifically for use
during installation, assembly and checkout on site.

4.5 WBS relationship to program and risk management. When extending the WBS with
emphasis on software, the developer is not precluded from decomposing software beyond the
CSCI element identified in MIL-STD-881B into design entities. The approach presented here for
software is consistent with the DoD Cost/Schedule Control System Criteria (C/SCSC)
requirements and with the Cost Performance Reports and the Cost/Scheduie Status Report. The
C/SCSC and related reports use the work breakdown structure as defined in the contract and
extended by the contractor. A cost account manager is typically assigned at the point where the
contractor organization and WBS intersect. The cost account manager generaily builds work
packages and typically has the responsibility of managing, monitoring and reporting variances.
The 1esuiting combination of well defined, short timespan work packages, estimate refinements,
and status repcrt monitoring provides vital management visibility into a program, increasing the
chance of success. A correctly developed WBS and contractor performance measurement
baseline with timely reviews reduces risk.
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Risk management can be further enhanced by using the earned value performance
management concept. Earned value is an objective measure of how much work has been
accomplished. Without earned value, one can only compaic how much has been spent with what
was planned to be spent, with no objective indication of how much of the planned work was
actually accomplished. Comparison between earned value (i.c., Budgeted Cost for Work
Performed (BCWP)) and planned value (i.e., Budgeted Cost for Work Scheduled (BCWS))
provides an indication of whether or not schedule is being maintained. Comparison of earned
value and actual costs (i.e., Actual Cost of Work Performed (ACWP)) provides information on
whether costs are overrunning or underrunning. In turn, such comparisons allow trend analyses
and evaluation of estimated cosis at completion for all levels of the contract.

Earned value measurement requires a good Performance Measurement Baseline (PMB). A
PMB is a time-phased budget plan against which performance is measured. The key to a good
PMB is scheduling work in a way that is compatible with risk and meaningful in terms of the
program milestones and technical requirements.

Smce software is primarily a labor intensive, people oriented activity, cost and schedule
vasinmane s ~M1h- rainte directly to manpower loading. Manpower loading deviations from the
plan are typlcally an early indicator of problems. Estimate updates utilizing the information
collected and associated with identified characteristics (suggested guidance is given in Appendix
B) provide a way of forecasting future performance. Thus, comparing the performance efficiency
experienced to date with the remaining work budgets and estimates to complete provides an
independent check of the reasonableness of the remaining Budgeted Cost for Work Scheduied
(BCWS) and the projected final cost of the project. For a more detailed discussion of these
concepts, see the Cost Schedule Control Systems Criteria Joint Implemeniation Guide.

4.5.1  Contract reperting considerations. Care must be exercised in establishing a
reasonable WBS level for reporting o the government. Each lower level increases the number of
reporting elements, with a commensurate increase in reporting burden and cest. Except for high-
cost or high-risk elements and known problem areas, the jevel selected should usuaily be no lower
than Contract Work Breakdown Structure (CWBS) CSCI level. Appropriate reporting eiements
below the CSCI level should be negotiated for each contract. While this handbook establishes a
common framework for defining elements below the CSCI, it is not to be interpreted as a mandate
to require routine reperting at or below the CSCI level.
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APPENDIX A
PREPARATION GUIDANCE FOR
WORK BREAKDOWN STRUCTURE ELEMENTS FOR SOFTWARE

10. GENERAL.

10.1 Scope. The purpose of this appendix is to identify the importance of collecting software
costs; discuss software costs reporting objectives and cost reporting; and provide examples of
work breakdown structure for software as it relates to defense weapon system and Autoraated
Information System (AIS) programs and contract formulation. The information coniained herein

) is intended for guidance in compiling software cost data to satisfy applicable standards and

acquisition policy. The procedures outlined in this Appendix are what is typically used by the
DoD. MIL-STD-881B is the primary source for developing a WBS. The overall WBS
acquisition strategy is developed relying heavily on MIL-STD-881B, specifically section I,
user’s guide.

iv.z  Coliecting software cost. It has been widely recognized that a majority of cos: overruns
encountered on sysiems with embedded computers are associated with the software, Software
development time and cost most often exceed estimates by significant amounts. Lack of software-
specific guidelines on cost tracking by the Government coupled with gross, lump-sum estimation
of the software developrnent cost as a whole by the contractor and bundling of software
developm.ent costs into total system development costs has generated risk and management
problems that a Work Breakdown Struciure for Software will reduce. When software is
considered to be a major category of cost, the contract should be written to ensure software is
managed properly and 1hat adequate software cost reporting is obtained. In view of software’s
increasing importance, contractors should be encouraged to adopt state-of-the-practices in
software development, incorporating those practices into their management control and reporting

systems.

The WBS approzch permits the developer and maintainer io focus on the end products.
Implementing proven methods of statistical process control at the measuring points identified by
the WBS will permit management to identify insufficient resources, inefficient segments in the
process, and other deficiencies both in the functional areas and in the development process.
Implementing adequate management control systems cost and schedule and cost performance
reporting, can enavle an organization to influence its destiny and profits by managing its
performance and productivity.
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20. APPLICABLE DOCUMENTS. Guidance regarding cost/schedule control systems
criteria information and instructions for preparing the various related reports are detailed in the
refercnces listed in section 2.1.2, Other Government documents, drawings, and publications.

30. PREPARATION INSTRUCTIONS
30.1 Pre Request for Proposal (RFP) Release.

30.1.1 Acquisition plan. During the preparation of the acquisition plan, the procuring activity
normally will identify both the cost reporting items that will be required in each contract and the
contract WBS elements to be reporied against. Although cost reporting data requirements are
established during the preparation of the procurement package, ii is prudent practice to consider
these requirements during acquisition planning. Figure A-1 provides a cost reporting chronology
which lists activities réquired from acquisition planning through contract award. As part of this
effort the procuring activity will prepare a Contractor Cost Data Reporting (CCDR) plan. This
involves assignment of cost reporting needs and sclection of the data elements that will be
reported against in the particular reports. If further guidance or clarification is required, the Cost
Analysis Activity can assist with cost report selection and the completion of the CCDR plan. The
Sunwaic Suppult Activity is prepared to assist in developing the WBS including the software
related elements.

30.1.2 Data call and solicitation data review board. During this next phase, the procuring
activity must coordinate the data call with the Scftware Support Activity and the Cost Analysis
Activity. The Software Support Activity can provide assistance in updating the WBS and the
associated software elements, described in Section 4, which should be included in the Statement
of Work (SOW). The Cost Analysis Activity has sampie Contract Data Requirements Lists
(CDRLs), DD Form 1423, and Statements of Work (SOWs) available. The Cost Analysis Activity
can also provide assistance in developing contract peculiar clauses.

30.1.3 Identify software WBS elements. The next step is to identify those sub-systems in
which software will be a critical or high risk item. Software is identified in two ways for the
deveiopment of a work breakdown structure: (1) that which is part of the defense system/sub-
system it supports, and (2) that which is stand alone (defense maieriel items which have fully
automated capabilities) and rizay support its own program or contract work breakdown structure.
Figures A-2, A-3 and A-4 provide exarnples of how software should be addressed as part of the
defense sysiem/sub-system and as a stand alone pure software development/upgrade efiort. The
WBS for stend alone scfiware system refers to the aggregation of software and appropriate
common WBS elements required to develop and to produce a software capability for a command
and control system, radar, stock point system and information system, etc.
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30.1.% Sample work breakdown structare.

30.1.4.1 Weapon system. For this example, the Navigation Guidance element is broken out as a
separate item in accordance with appendix B (Elecironics/Automated Software Sysiem) of MIL-
S$TD-8818 and augmented with software WBS ciements discussed in this harcibook, tefer to

Figure A-2.

30.1.4.2 Automated information system (AIS). For this example, a Command and Control AIS
system is chosen, refer to Figure A-3. The Commard and Control Automated Information
System is broken out in accordance with Appendix B (Electronics/Automated Software System)
of MIL-STD-881B and augmented with software WBS elements discussed in this handbook.

30.1.4.3 Stard alone software system. For this example, refer to Figure A-4, a supply system
utilized by supply centers and depots is ~hosen. Since hardware was not part of the acquisition,
the software system is the Primary Mission Product. This handbook will be used for acquisitions
where the PMP is the software or software system and no hardware is included in the acquisition.

30.1.5 Cerrelate WBS to draft statement of work (SOW) and draft contract. The WBS
development should be developed hand-in-hand with the draft SOW and the draft contract. A
matrix should be developed which shows relationships between the WBS, the SOW, and the
contract line item number (CLIN) structure. Another important part of the draft RFP which is
relaied to the WBS is Instructions to Offeror. Within these instructions, the program office should
explain which WBS items are mandatory, which items need to be exiended, and what minimum
level of break-out is required. The instructions should also include the requirement for the offeror
to provide a matrix as described above.

An example of wording to include in the Instructions for Offeror is:

“Costs shall be broken out by WBS elements IAW the attached WBS. Offeror shall extend the WBS
to the lowest level necessary to justify cost estimates. Offeror shall provide a marrix which
correlates WBS elemenis with SOW tasks and the CLIN struciure. These instructions apply only
for proposal preparation and submission, they do not establish cost reporting requirements for
posi contract award efforts.”

30.1.6 Tie the WBS to the cost/schedule reporting requirements. Work with the contracting
officer, data manager and local cost analysis activity to ensure that the appropriate contrac!

clauses and data items are tailored to reflect your information needs. Reference Contractor Cost
Data Reporting pamiphlet (AFLCP 800-15, AFSCP 800-15, AMC-P 715-8, NAVMAT F-5241)
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for specific guidance. Remember you should be requiring only the minimum amount of re porting
necessary to achieve effective management control. Per MIL-STD-881 B, “... routinc :iporting is
at level 3 of the contract WBS or higher, except for high-cost, high-risk, or other high-interest
elements that are at lower levels.” If a particular software itein is not high-cost, high-risk, or high-
interest, level 3 reporting shouid suffice. On the other hand, if the software item falls into one cf
the “high” categories, the program office must decide how low a level of reporting is necessary.
Appendix B is a suggested approach which can provide the necessary parametric data and
characteristics or attributes to perform ccst estimates. Thess estimates can taen be related (o the
WBS.SW to provide managenient insight into the SW development effort. In tuin, actual
information collecied at the WBS.SW elements can be used to caiibrate estimates for future

efforts.

30.1.7 Gend out a draft solicitation. After completing the above steps, and if time permits, send
out a draft RFP for comments. This wiil provide the program office with feedback from industry
regarding the WBS and reporting requirements.

30.2 Final solicitation preparaticn. Incorporate appropriate feedback from the draft
solicitation, conduct appropriate coordination and reviews and distribute the fina; sclicitation.

30.3 Proposal acceptance and source selection. In respornse to the program WBS, which
includes the '"WBS.SW, contained in the Governmeni solicitation, the contractor nrovides the
contract WBS. The contract WBS identifics the framework for reporting program cost, schedule,
anu technical perfcrmance. The contracior will use this proposed WBS, including the Wi3S.5W,
and expand it to lower ievels. This provides Government software managers with a basis for
uniform planning and reporting status. This also provides input which wiil be used for preparing
the Cost Performance Repoit (CP'R) and/or the Cost/Schedule Status Report (C/SSR).

30.4 Contract award. During contrac! negotiations, the WBS r:ay be changed from the initia!
input. The firal WBS is negotiated and incorporated into the contract. On compueiion of contract
negoiiation, the CCDR pian becomes the defining document for the exchange of cost data
information. Refer wo DODL. 5000.2 for snecific guidance for pieparing the CCDR pian.
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30.5 Software element identifier. During reporting. to facilitate the roli-up of software cost
data, ax identifier tor software related items is recommended. For examp'e, the letter “SW” can
be vsed as an extension to the reporting element number, as shown in Figure A-5. This is further
explcined in MIL-STD-881B, Uset’s Guide Section I1, paragraph 5.6.

Element
Nams

B Numbef SW

has s

FIGURE A-S. Software eleinent identifier
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APPENDIX B
SOFTWARE CHARACTERISTICS DATA COLLECTION

10. GENERAL.

10.1 Scope. This appendix provices suggested gnidane for coliecting dats on project
charecteristics related to project size, complexivy, funciions, schedule and level of effort. Software
characteristics identified in this appendix aze an spriopriate set of fccuced data ivems that
characterize the sottwar: being developed. Thest: characteristice provids valuaklc -ata, which
when collec:ed and saalyzed by the program manager (both government and industry), teinforces
menagemen: indicators with credible software resource consumptioa estimates. The inforation
containzd herein is intended for guidance only.

19.2 Information. This appendix provides a suggested project questinnrizire which may b2 used
for collecting the project characteristice data. This information ‘s inportant for providing proiec:
related dasa necessary to improve softwere acquisition planning, cost estimating, and cost
estimating model calibzation. The questionnaire, Software Parametric Dara Collection Form.
follows the appendix. This form s itended to be tailorec. All information shoulu NOT be
reguired of all projecte at all tinies. The software characieristics identified suppest input 1o most
cout and schecule estimatior tuols.

20. APPLICAELE DOCUMENTS. This sectinn is not applicable o this appendix.

30. Project/Computer Software Configuration licm (CSCI) Questionnaire Report. The
Proiect/CSC! Questionnaire Report is contained on ihe following pages. The questions asked
address both project specific data and CSCI(s) specific data.

30.1 Data maturicy. As the pioject matures the software characteristic data collected/submitied
are increasingly credible. Estimated resporses shouid bs indicated with an astcrisk on the

questiuanaire.

4C. Who needs the Data. The roftware charactensiics data collected provides information
required by cost/performance analysts, preject sofiware personnel, and project management
personnel. The cata can be used to coatinuously monitor and manage sofiware development cost
ead schedule.

50. Whea to collect the deta. The rrequency at which the infoimation is to be collected should be
determined by the procuring activity based or, among others, the followir.g criteria:

a. Risk (technical and management)
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b. Schedule constraint
. Cust constiaing
d. Antirioated requiiements volatility

50.1 Minimum repoting freqgnenc; . The data or sub-set may be collected during any point of the
contract period of pertormance. However, it iz cuyge-.ed that at a minimum this data be collected:

S

4. Tu back ap cost propgaals iTr soitware costs.

b. At major softwars milestone revjews sinh 8s Proliminary Design Review
(FUPR), Critica! Design Revievr (CDR}...etc,, to be utilized by the prazuring activity to
upriate estimates of cos: and senedule.

c. At the «.nd of the contract «s historical duta. The software characteristics data
wil! be used to improve future sofiwar: acquisition planning, cost estimating, and cost
maedel calikration.

50.z Statem:ent of Werk (SOW) input. The oata to be collected can bz specified as a deliverable
(DD Form 3423) in the contents of the SOW. It is suggested that DI-MISC-80048 Scientific &
fechnical Report Summary be used wo provide this information

51
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FROJECT / CSCI QUESTIONNAIRE REPORT

Complete this forin to the best of your ability for the project in question. If the question is
not apyplicabie, piease mark it N/A. If you don’t know the answer, leave it blank.

1. Firm or organization:

Address: _

2. Contrac? numbay;

3. Customer name:

4. Project overview description: (Should describe the CSCI being developed)
To include: Functionalivy - expected impact of integrating COTS.

CSCI - Computer Software Configuration Item

Software Parametric Data Collection Form 1 of 9
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A - PROJECT DESCRIPTION
1.  Applications domain
[ ] Automation { ] Business
[ } Command & Control ( } Communications
[ ] Signal processing [ } Test systems
[ ] Trainers [ ) Avionica
[ ] Interface systems { ] Graphic, image processing
[ ] Duta processing { ] Envitonments/Tools
[ } Production control [ ] Support software
{ ] Process control [ ] Sclentific
{ ] Robotics/Mechanical { ] Unmenned flight
{ ] Manned Flight [ ] Other -

2. Complexity
a. Rate The Difficulty Of Processing Logic

[ ] Simple processing logic, straight-forward 1/0 [ ] Difficult highly nesied logic, real-time processing
[ ] Routine nesting, minimal interface with Opersting [ } Complex dynamic resource allocation, multipie
systems, standard 1/0 exception handlers, recursion
b. Mathematical Complexity
[ ] Simple algorithms and simple calculations [ ] Majority of simple algorithms and calculations
{ | Algorithms &nd calculations of average complexity [ ] Some difficult or complex calculations

[ ] Many difficult algorithms and complex calcuiations { ] Not Applicable
c. List the percent of total source code ailocated to each of the following operational timing requirements:

Real-Time — % On-line %

Time-Constrained % Non-Time-Critical %
d. Database Complexity

[ ] Simple data, few variables, low complexity [ ] Simple, numerous variables

{ ] Multiple files, fields and data interactions [ ] Compies fiie structure

{ ] Highty complex

3. Reliability
a. Most serious effect of a software feilure
 } inconvenience ( ] Easily- recoverable loss
[ ] Loss of human life { ] Moderate loss
{ } Major firancial loss

b. Backup/fizcovery considerations
[ ] Data protection beyond regular backup required [ ] No special backup requirements
{ ] Alternative methods need to be developed in case of software failure

4. s this the first system of its kind for your organization ?
[]Yes [ ] No

Software Parametric Data Coilecticn Form 2 of 9
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s Security Lavel
What gre the security requirements on the development end on the ‘arget computing eitvironments?

[]Clam D []B2
[1€1 [jB3
[jc2 [ ] Cams Al
{}1B1 [JOther ___
[ ] None
: 6. Reused Code

a. Logical Complexity of Reused Code:
( ] Simple algorisims and simpie calcuistions { ] Majority of simple algorithms sad calculations

[ } Algorithms and calculations of average complexity [ 1 Some difficult or complex caleulations
{ ] Many difficuit algorithms and complex caiculations { ] No reuse

b. Structurs! Complexity of Reused Code:
[] Nonprocedural (genersied, query, spresdsheets, etc.) [ | Well siructured with revsable modules
{ ] Well structured (small modules and simple paths) [ ] Eair structure but some complex paths and moduies
[ J Poor structure with muny conuplex paths and modules

¢. Daiabase Complexity
[ ] Simple dais with few variables and little complexity [ ] Several daia elements but simple Jata relationships
T Mabinne files, fields, and data interactions [ ] Complex data elements snd complex dnia interactions
{] Very complex datz elements and data intsractions

d. Select the intended use of the majority of the software packaged for reuse:
{ ] None

[ ] Reuse within single mission products
[ ] Reuse across single product line

( ] Reuse in any application

Software Parametric Dats Collection Form 3 of 9




B - DEVELOPMENYT METHODOLOGY

1. Milesiones
Eater the expecied and actual dates for vach milestone below or M/A if the milestone does not apply 10 this
project. if an expecied date is an sstimated date rather than a contract date, put an asterisk after that date,

Provide this data for each incremental development,

Milestone Expecied  Actual
' Date Date
Project Stant Date -
Systein Requirements Review (SRR)
System Design Review (SDR) —
Software Specification Review (SSR)
System Hardware Preliminary Design Review(PDR) —
System Software Preliminary Detign Review(PDR)
System Hardware Critica’ Design Revidw (CDR)
System Saftware Critical Design Review (CDR) _
Test Readiness Review (TRR) ——
Funtional Configuration Audit (FCA)
Physical Configuration Audit (PCA)
Formal Qualification Keview (FQR)
Qperational Test and Evaluation (OTE)

Project Completion Date —_
2. Schedule
a. Select the schedule and staffing corstraints that best describe this development:
[ ] Normal average achedule, effoct, and quality [ ] Shortes! development schedule, extra stiffing
{ ] Lowest cost with reduced staffing | ] Highest quality and reiisbility
{ ] Shortest scheduie with high Juality and reliability [ ] Match siaff size; ~vit2 normal devzlopment
{ ] Match stoff size; with shortest schedule { ] Marzh sWa’f size; with very high quality

Development paradigm empleyed (check all that apply):

!.()

[ ] Waterfall development [ ] Increments: development
[ ] Phased builds { ] Spiral develcpment

[ j Repid prototypirg [ ) Pilot deveiopment

[ ] Other

4. Software Reviews
a. Sclect al} informai reviews heid on the software during this development:

[ } Design watkthroughs [ 1 Design inspections
{ } Code walkthroughs [ ] Code insprctions
[ ] Cther

Software Parametric Oata Collection Forni 4 of 9




i 5. Sysiem/3oftwate Requirements
: a. Sclect the option that correspons o the: level of definition and understanding of system requincments:
"-;?"""‘ { } Vay lintle definition and undetstanding of sysizm [ ] Questionzble definition and undemstanding of system
' requircments requirements
. 1 ) Fairly complete definition and understanding of [ ] Very complete definition end understaading of system
system reguiremanis requireeents
¢ ¢. Rale requirements volatility during development:
: { ] No changes { | Small non-<ritical changes
- { | Fraquent non-critical changes [ j Occasionsi moderate changes
N { ] Frequent moderate changes { ] Many lasge changes
- 6. Design
" a. Rate the maturity of the design concepts used:
{ } Experimental { ] Evolut.onary
{ ] State-of-the-an [ ] Mature

b. Seiect any of the following design technologies, sirategies, and tools nsed:

[ ] Applications Generator [ | Object~orienied methods
[ ] CASE tools [ ] Structured analysis
{ ] Relational database { j Query Language {SQL)
[J4GL or SGL { ) Reuse libraries
{ ) Exception handling | ] Front loaded scheduling
[ ] Manggement ioolset { ] Comt and schedule modiels

; [ } Datubase ranagement system { ] Smali up-froni design teams

{ ] Continnous integration via package specifications [ ] Ada Program Design Language (PDL)
[ } Other

7. Integration
Rate the expected level of d. Yiculty of integrating and testing the CSCIs 1o the system level:
) ; [ 1 Very litile integration, no vomplex interfeces { ] Average degree of compiexity system integration and
{ ] Several system interfaces with some complex interfuaces  interfuce
3 { ] Complex, time-intensive sysiem integration process anticipaied

Sofiware Pararnetric Data Collection Form Sof 9




C-SOFTWARE SIZE

1. Size Estimates (indicate if based an historica?! data or estimate, and ust uumber if estimaie)
a. Number of software CSTIin this system: |

k. Select the basis for size estimutes:

{ ] Thausand of Source Lines of Code (KSLOCs) { ) Carriage returns
[ } Function Poisis { } Semizolons
[} Otker — - 1 } Softwar: Enginorring Insiilete Meihod
{Spetify)
¢. Enter the requested sizing information below, in thousends of watts
csc New Size Reused Mndified Language
;;. :\I\JI L :‘.4\:‘;- :':;d\ ,-l\-l CSCI
Source Code Type % Coge % New Design % New Code
Operaing SYstems.......coeeviveinnininnnn, e

Interactive Operations.........ceiminenn,
Real-Time Command & Control..........
On-Line CommuniCaBONS.....cocirernsninns
Drata Siorage & Retrieval....ean,
String MaRnip.ation......... i,

If the system was sized using function points, provide the following unadjusted function point information:
8. Number of inputs (unique major data types that enter the system): ‘

b. Number of outputs (uniqu# logical major report formats the'symm will genenite):

¢. Number of inquiries (types of queries that result in informatio»al searches and responses):
d. Number of externai interfaces:

¢. Number of inernal files (unique logical files/daiabases used by the application):

3.5)

4. Database size (amount of code devored to datavase Jefinition accounts pluse databasse size in memory)
Database size, as & percentage of totai program size: % (source .ines of code)

Sofiware Parametric Data Coilection Form 6 of 6
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D - PROJECT STAFFING

1. Staff Size
& Minimum stal{ size:

S v TW———Sa

b. Maximum s:aff size:

2. Sweff Siuli/Experience
a. Avurage Anafysts’ expevience with similar applicsrions: years months
b. Average Progmammers’ experience with this host machine: ysars _ months
c. Aversge Analyste' experience with chosen development Methodoiogy: years months
{ ] Compiztely new devciopment nyethodoingy [ ] Miror experience with development mithodoiogy

{ } Extensive experiewye with drvelopmen: methodology

4. Average Apalysts’ experience with the Development language: years mon*hs
[ ) Comptetely new development ianguage { ] Educational or training in language
[ ] Some experienos with developmen: [xngusge { ] Extensive experiencs with developmeni language

e. Programmers’ Average Ada Environment Experience: yERIS months

{. Development organization’s experience developing *his type of application
[ ] This applicatios is & new project aed in our cuvrent line of business
{ ] This epplicaiion is & normal development project that is part of our current line of business
[ ; This application iz a familiar type of project kaving alnvaly been deveioped by the company before or
similar 1 her projecis we hisve developed
[ ] Many sppiicatione of this 1yee heve baen developed by the company (greater than 7)

Software Parametric Datg oliecticn Form 7of 9




1.

E - COMPUTER SYSTEM

Development Environment

a. Rats the virtual machine volatility of the development system based on frequency of major/minor changes:
{ ] 12 months (major)/1 moath (minor) { ] 6 months/2 weeks
[ ] 2 months/] waek {12 waska/2 days

b. Select the following option that best assesses the embprdded features of the development systems:
{ ) Hardware is 1o b= developed, but its compietion will oecur long before the software is to be ready
[ ] Hardware is to be developed on the contract, it is to be develo. ed concurrently with the sottware ana
the hardware can/does have major impacts on the software
( ] Hardware is to developed on the contract, it is to be developed toncurtently with the suftware bu? the
hardware has little impact on the software

{ ] No new nardware is to be developed under the effort; there will be no impact oa the soltware
development

Target Computer Configuration (complete this section only if ite development sysizia differs from
the target

a. Rete the virtual machine velatility of the target system, based on nuinber of major/minor changes:
| j 12 mcatis (major)/1 month (minor) { ] & monthe/2 weeks

{ ]2 months'1 week { ]2 weekn2 qays

b. Idzntify the system architecture:
{ j Centralized (single processor) [ ] Tightly-coupled (multiple processor)

[ ] Locsel y-coupled (multiple processor) { ] Functional processors communication via a bus
[ ] Distributed (centralized database) [ ] Distributed (distibuted database}

Performance Requirements

a. Main Storage Constraint. Main storage refers io direct random access storage such as core,
integrated-circuit, or plated-wire storage; it excludes such devices as drums, disks, tapes,or bubbie
storage. Indicate the percentage that best reflects the main storage expected to be used by any
sub-systems consuming the main storage resources. ____ ° %

b. Overall Target Hardware Constraints. Overai! hardware refers to processor memory, speed, and throughput
{ ] Close to 100% utilization
| ) Difficult hardware capacity limitations (75% to 90%)
{ ] Average hardware capacity limitations (60% to 75%)
[ } No hardware capacity limitations (icss than 60%)

Software Parametric Data Collection Form 8 of 9
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F - DEVELOPMENT ENVIRONMENT

1. Project Organization

a. Check all of the coinpany organizations included in effort estimations/actuals

[ ] Systems engineering

[ ] Matketing

{ ] Progrsin management

[ ] Configuration management
{ ] Dats management

[ ] Database administration

b. Orghniza!.ional Interfece Complexity
[ } Single customer, single interface
{ ] Multiple intemal and external interfaces
{ ] Multiple internal interface single external interface

¢. Multipie site development
{ ] Single site and singie organization

[ ] Muitiple sites, same general location

-, (VT AGSOUrces

{ ) User depactment

[ ] Software development
[ ] Software test

{ ] Quality assurance

[ ] Indepeadent V&V

[ ] Other

{ ] Single customer co-iocated with developer
[ ] Multiple interfaces geographically distributed

[ ] Single site and multiple organizations
{ ] Multiple sites, located 50 miles or more apart

Select the percentage of time that the development computer is available for use on this project:

[110%
[]70%

[]40%
[ ] 100% (fully dedicated)

Software Parametric Data Collection Form 9 of 9
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